Currently, forty-one cesium, thirty-five lanthanum, thirty-two praseodymium, and thirty-one promethium, isotopes have been observed and the discovery of these isotopes is discussed here. For each isotope a brief synopsis of the first refereed publication, including the production and identification method, is presented.
with either one. The value for 120 Cs is included in the calculated average for the accepted ground state value of 61.3(11) s for 120 Cs. The reported half-lives for the ground and the isomeric states for 122 Cs agree with the accepted values of 21.18 (19) s and 3.70(11) min, respectively. 123 
Cs
In 1954, Mathur and Hyde described the observation of 123 Cs in "Spectrometer studies of the radiations of neutron deficient isotopes of cesium and of the E3 isomers, Xe 127m and Xe 125m " [29] . The Berkeley 184-inch cyclotron was used to bombard calcium iodide with 130 MeV α particles. The resulting activities were measured with a G-M counter and a scintillation spectrograph following chemical separation. "A new cesium activity of 6-minute half-life was produced along with 45-minute Cs 125 and 6.25-hour Cs 127 ." This half-life agrees with the currently accepted value of 5.87(4) min. 124 
The discovery of 124 Cs was reported in "Identification of new neutron-deficient nuclides 76 Rb and 118 Cs. Half-lives of 78 Rb, 119−124 Cs, 126 Cs" by Chaumont et al. in 1969 [28] . 24 GeV protons from the CERN proton synchrotron bombarded tantalum targets. Rubidium and cesium ions were selectively emitted by surface ionization and separated with an on-line mass spectrometer. "For the 124 Cs decay, in addition to the 26.5 s period, the computer analysis gives some indications of a much longer-lived activity in the order of minutes which would be compatible with the existence of a 12 min half-life mentioned by Alexander et al." The reported half-life of 26.5 (15) s is consistent with the presently adopted value of 30.9(4) s. The quoted reference of Alexander et al. was published only as an internal report [30] . 125 
"Mass assignments by isotope separation" was published in 1954 by Michel and Templeton documenting the observation of 125 Cs [31] . The Berkeley 184-inch cyclotron was used to bombard calcium iodide with 100 MeV α particles. The resulting activities were measured with a G-M counter and a scintillation spectrograph following chemical separation.
"A new isotope of cesium found by Mathur and Hyde of this laboratory, has been assigned to mass 125 and its half-life observed (from separated samples) to be 45±1 minutes." This half-life is included in the current calculated average value of 45(1) min. The experimental details were described in the paper by Mathur and Hyde [29] mentioned in the quote. Mathur and Hyde submitted their paper less than a month after Michel and Templeton and give them credit for the measurement "A G-M decay curve of the mass-125 fraction isolated with the help of Michel and Templeton in the time-of-flight mass separator showed a straight line decay of 45±1 minutes from an initial counting rate of 18 000 to less than 10 counts per minute." 126 
In the 1954 article "New chain barium-126-cesium-126" Kalkstein et al. announced the discovery of 126 Cs [32] .
Indium oxide was bombarded with a 140 MeV 14 N beam produced by the Berkeley Crocker 60 inch cyclotron. 126 Cs was detected following the decay of 126 Ba which was produced in the fusion-evaporation reaction 115 In( 14 N,3n). It was identified with a time-of-flight mass spectrograph and a NaI scintillation detector following chemical separation.
"Activity was found to collect only at the mass-126 position, and this decayed with a half-life of 1.6±0.2 minutes. The new chain is thus identified as Ba 126 -Cs 126 " The quoted half-life agrees with the currently accepted half life of 1.64(2) min.
Fink et al. observed 127 Cs and published the results in their 1950 paper titled "Neutron-deficient cesium isotopes" [33] . The Berkeley 184-inch cyclotron was used to bombard 127 I in the form of ammonium iodide with 60-MeV helium ions. The mass assignment of 127 Cs was determined with a magnetic spectrograph following chemical separation. "Mass spectrograph plates showing dark lines at mass numbers 127, 129, and 133 (stable carrier) were obtained, and transfer plates showed the radioactivity of lines 127 and 129; after the 5.5-hr. Cs 127 activity had effectively decayed out, the radioactive line at mass 129 still gave good transfer plates." This half-life agrees with the currently accepted value of 6.25 (10) h. 128 
The 1951 paper "A new short-lived isotope of cesium" by Fink et al. documented the first observation of 128 Cs [34] .
Cesium chloride was bombarded with 96 MeV protons from the Rochester 130-inch cyclotron to produce 128 Ba which decayed to 128 Cs. Activities were measured following chemical separation. "The best value for the half-life of Cs 128 is an average of 11 different determinations and is 3.13 ± 0.2 minutes." This value agrees with the currently accepted value of 3.640 (14) min.
Fink et al. observed 129 Cs and published the results in their 1950 paper titled "Neutron-deficient cesium isotopes" [33] . The Berkeley 184-inch cyclotron was used to bombard 127 I in the form of ammonium iodide with 60-MeV helium ions. The mass assignment of 129 Cs was determined with a magnetic spectrograph following chemical separation. "Mass spectrograph plates showing dark lines at mass numbers 127, 129, and 133 (stable carrier) were obtained, and transfer plates showed the radioactivity of lines 127 and 129; after the 5.5-hr. Cs 127 activity had effectively decayed out, the radioactive line at mass 129 still gave good transfer plates." The observed half-life of 31(1) h agrees with the currently accepted value of 32.06(6) h.
Smith et al. reported the discovery of 130 Cs in their 1952 paper "The disintegration of Cs 130 " [35] . The 23-MeV α-particle beam of the Indiana University cyclotron bombarded an iodine target and 130 Cs was formed in the reaction 127 I(α,n). Activities curves were measured following chemical separation. "The period of the resulting activity was measured repeatedly and was found to be 30±1 min." This half-life agrees with the currently accepted value of 29.21(4) min. A previously reported 30 min half-life could not be uniquely be assigned to 130 Cs [33] .
identified as Cs and apparently isomeric with the 3-hour Cs 134 , was prepared by neutron or deuteron bombardment of [44] . None of these paper cleanly identifies this half-life with 134 Cs.
In addition, Alexeeva [45] reported a cesium activity with a lower limit of 1 year. 135 
In "Characteristics of the fission product Cs 135 " the first measurement of 135 Cs by Sugarman was reported in 1949 [46] . Samples of 135 Xe were prepared from fission fragments from the Los Alamos homogenous pile. After the decay of the xenon activity, β-ray spectra were measured following chemical separation. "Assignment of the new Cs activity to Cs 135 is very probable from the way in which it was prepared. This assignment is constant with the timing of the experiments in which the He gas-sweeping of the pile was retained for Xe adsorption after discarding the first half-hour sweeping to eliminate active gases from short-lived halogens. The only Cs isotopes which should be present in the decay products of the gas are Project published in 1951 [49] . Xenon was irradiated with neutrons in the thimble of the Argonne Heavy-water Pile.
Activities and absorption curves were measured following chemical separation. "The identification of the cesium activity from neutron-irradiated xenon with the 33y Cs fission activity establishes the mass assignment of the activity as 137.
The other possible mass of 135 which was allowed for the xenon-produced cesium activity had been previously eliminated for the fission-cesium activity." The reported half-life agrees with the presently adopted value of 30.08(9) y. Townsend et al. had reported γ-and β-rays activities of 137 Cs in 1948, however, they considered the isotope to be known, because they were aware of the results of the Plutonium Project [50] .
Seelmann-Eggebrecht identified 138 Cs in their 1939 paper "Über einige aktive Xenon-Isotope" [51] . Barium was irradiated with fast neutrons and cesium isotopes were produced in (n,p) reactions. Figure 2 summarizes the year of first discovery for all lanthanum isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive lanthanum isotopes were produced using fusion evaporation reactions (FE), light-particle reactions (LP), neutron capture reactions (NC), neutron induced fission (NF), charged-particle induced fission (CPF), spontaneous fission (SF) and projectile fragmentation or fission (PF). The stable isotopes were identified using mass spectroscopy (MS). In the following, the discovery of each lanthanum isotope is discussed in detail. coincidence at the on-line isotope separator OASIS. "A=122: Two experiments were performed at this mass value: one with a dual proton telescope where a total of about 1800 protons were recorded and one with the tape system where xand γ-rays were measured in coincidence with protons. The x-ray spectrum in the second experiment showed only Ba K α -and K β -lines which leads us to the conclusion that the new beta-delayed proton precursor is 122 La." The observed half-life of 8.7 (7) s is in agreement with the currently accepted half-life of 8.6(5) s.
123,124 La
The discovery of the isotopes 123 La and 124 La were first presented in the 1978 paper "New neutron-deficient isotopes of lanthanum and cerium" by Bogdanov et al. [72] . A 190 MeV 36 S beam accelerated by the U-300 heavy-ion cyclotron of the Joint Institute for Nuclear Research (JINR) facility at Dubna, bombarded targets of 96 Ru and 98 Ru. The fusionevaporation residues were mass separated with the on-line BEMS-2 facility and their X-ray and β emission was detected with a Ge(Li) spectrometer and a plastic counter, respectively. Half-lives were determined from the X-ray decay curves. The sum of the activities of these Ba daughters at the time of milking is plotted in [the Figure] . This curve can be resolved into 1.0-and 6.2-min components. The shorter half-life is assigned to La 126 , it being the expectation that this more neutron-deficient odd-odd isotope has a shorter half-life than the odd-even La 129 ." The corrected half-life of 7.2(5) min is close to the currently accepted value for the isomeric state of 11.6(2) min. In the abstract this half-life was erroneously assigned to 124 La. The half-life of the ground state was measured 16 years later [77] . 130 
La
In the 1961 paper, "Experimental observation of a new region of nuclear deformation" Sheline et al. 5(2) h. The assignment of the 2.1-h period to 136 La was later shown to be incorrect [79] . 136 
The 1950 paper "Mass spectrographic identification of radioactive lanthanum isotopes" by Naumann et al. described the observation of 136 La [79] . Cesium was bombarded with α particles and 136 La was identified with a mass spectrograph and by measuring positrons and X-rays. "A search was made for La 136 and it proved to be the 10-minute period reported by Maurer from the irradiation of Barium with deuterons. The assignment was made to La 136 since the ratio of the 10-minute period to the 19-hour period increased with decreasing alpha-particle energy on cesium in the range below 30
Mev, as would be expected fit the (α,n) reaction in relation to the (α,2n) reaction." The measured half-life of 9.5 min.
agrees with the currently accepted value of 9.87 (3) La was observed by Marsh and Sugden published in the paper "Artificial radioactivity of the rare earth elements" [86] . Lanthanum oxide was irradiated with neutrons from a 400 mCi radon source in contact with powdered beryllium.
"On the other hand, we have found a considerable activity for lanthanum with a period of 2 days whilst Fermi reports that this element is inactive." The half-life of 1.9 (2) Figure 3 summarizes the year of first discovery for all praseodymium isotopes identified by the method of discovery.
The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive praseodymium isotopes were produced using fusion evaporation reactions (FE), light-particle reactions (LP), photo-nuclear reactions (PN), neutron induced fission (NF), spontaneous fission (SF), neutron capture (NC), and spallation reactions (SP). The stable isotope was identified using mass spectroscopy (MS). In the following, the discovery of each praseodymium isotope is discussed in detail. by its β + decay to 125 Ce [108] ; the half-life of the ground state was measured as 3.3 s, but no excited states or γ-ray decays were observed. In the present work, γ-ray transitions have been observed to high spins in 125 Pr." Reference [108] was a conference proceeding and the result were never published in the refereed literature.
Pr
Nitschke et al. discovered 126 Pr in the 1983 paper "New beta-delayed proton emitter in the lanthanide region" [109] . (4) h. Fermi and his co-workers mentioned in the quote did report a 18 h half-life but did not assign it to a specific nuclide [42] .
The paper "Radioactive cerium and praseodymium" by Pool and Krisberg from 1948 reported the discovery of 144 Pr, however, no mass identification was made and the authors relied on the mass determination of the long-lived cerium which at the time of the original article was assumed to be 143 [136] . were evidently incorrect [152] .
154 Pr "Identification of a new isotope 154 Pr" by Kawase and Okano described the first observation of 154 Pr in 1988 [153] . A 235 U target was irradiated with neutrons from the Kyoto reactor and 154 Pr was identified by measuring γ rays following on-line mass separation. "The Nd-K X-rays and 10 γ-rays have been assigned to be generated by the β-decay of 154 Pr.
The half-life had been determined to be 2.3(1) s, which is not far from the theoretical predictions of 1.5 s and 4.0 s.".
This half-live corresponds to the currently accepted value.
Discovery of 128−158 Pm
The element promethium was discovered in 1947 by Marinsky et al. [154] . In 1948 Marinsky and Glendenin suggested the name prometheum [155] . In this article previous claims for example suggesting the names florentium and illinium are discussed. In 1949, at the 15 th Conference of the International Union of Chemistry [156] the name promethium was adopted to make the ending conform with that of other metals.
Thirty-one promethium isotopes from A = 128-258 have been discovered so far; these include 19 neutron-deficient and 12 neutron-rich isotopes. According to the HFB-14 model [15, 16] , 186 Pm should be the last odd-odd particle stable neutron-rich nucleus while the odd-even particle stable neutron-rich nuclei should continue through 199 Pm. The proton dripline has most likely been reached at 128 Pm, however, eight more isotopes 120−127 Pm could possibly still have halflives longer than 10 −9 ns [17] . Thus, about 43 isotopes have yet to be discovered corresponding to 58% of all possible promethium isotopes. Figure 4 summarizes the year of first discovery for all promethium isotopes identified by the method of discovery.
The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive promethium isotopes were produced using fusion evaporation reactions (FE), light-particle reactions (LP), neutron capture (NC), photonuclear (PN), neutron induced fission (NF), spontaneous fission (SF), and spallation reactions (SP). In the following, the discovery of each promethium isotope is discussed in detail.
Pm
Xu et al. first identified 128 Pm in 1999 and reported the results in "New β-delayed proton precursors in the rare-earth region near the proton drip line" [157] . A 174 MeV 36 Ar beam was accelerated with the sector-focused cyclotron at the National Laboratory of Heavy-Ion Accelerator in Lanzhou, China, and bombarded an enriched 96 Ru target. Proton-γ coincidences were measured in combination with a He-jet type transport system. "From the decay curve the half-life of 128 Pm was extracted to be 1.0±0.3 s" This half-life is the currently accepted half-life value. −0.4 s was observed at this mass. The Nd K x-rays measured in coincidence with the protons assign the activity to the new isotope 130 Pm. This is the first observation of proton emission from a promethium precursor." The quoted half-life agrees with the currently accepted value of 2.6(2) s. separator. "In the present paper, isotopes were mainly identified by measuring the γ-ray and X-ray spectra of the daughter nuclei formed as a result of measuring the β + decay." The reported half-lives of 4 (2) [165] .". This half-life corresponds to the presently adopted value of 3.24(5) min for the isomeric state. The van Klinken reference mentioned in the quote is only an internal report and was not published in a refereed journal. The ground state was first observed two years later [166] . 
Summary
The discoveries of the known cesium, lanthanum, praseodymium and promethium isotopes have been compiled and the methods of their production discussed. The identification of these isotopes was relatively straightforward with only a few initially incorrect half-lives reported. Most of the misidentifications occurred in the praseodymium isotopes.
No incorrect assignments were reported for the cesium isotopes and only the half-lives of five isotopes ( 130 Cs, 134 Cs, and 138−140 Cs) were initially reported without a mass assignment. The half-lives of the lanthanum isotopes 141 through 143 were reported before it was possible to make firm mass assignments and only the half-life of 136 
